The recent hypothesis that some of the diffuse interstellar bands originate in bare carbon chains such as C
I N T R O D U C T I O N
The identities of the carriers of the diffuse interstellar bands (DIBs) are still fascinating puzzles 75 years after the discovery of the first two such spectral features: the yellow bands centred near 5780 and 5797 A Ê (Heger 1922) . It has been proved that they originate in different carriers (Kreøowski & Walker 1987) ; it is also very likely that other DIBs originate in different carriers. The most recent surveys of interstellar spectra (Jenniskens & De Âsert 1994; Kreøowski, Sneden & Hiltgen 1995) have shown hundreds of weak unidentified features. This very rich spectrum of the interstellar medium contains, without a doubt, a lot of information on the physical conditions inside H i clouds and the complicated chemistry of these objects. have shown that weak interstellar features can be also created in many different carriers. The weak and strong DIBs can form`families' of the same origin (Kreøowski, Schmidt & Snow 1997) .
The detection of radio wave transitions of many linear molecules, based mostly on carbon, motivated a hypothesis postulating that bare linear carbon molecules (which cannot be observed at radio wavelengths because of the lack of a dipole moment) can be potential DIB carriers (Douglas 1977) . However, until now their gas-phase laboratory spectra have been mostly unknown. The hypothesis seems quite natural, as the matrix isolation spectra of bare carbon chains usually consist of one strong and several weak features. On this topic, we note a strong similarity to interstellar spectra in which we observe many more weak features than strong ones.
The carbon chain molecules seem to be good candidates for DIB carriers. Being built of carbon atoms, they fulfil the abundance constraint: the DIB carriers must be quite abundant everywhere in the interstellar medium, as the features are observed in spectra of all reddened stars. The C 3 and C 5 molecules have already been discovered through high-resolution blue or infrared absorption spectra in the nebulae surrounding carbon-rich stars. Thus it seems likely that longer chains, consisting of seven or more C atoms, can be sufficiently abundant in interstellar clouds to cause some detectable absorption features.
The recent paper by Tulej et al. (1998) presented the gas-phase spectrum of the anion C 2 7 and claimed that it matches several known DIBs. The comparison was made using the published survey of DIBs by Jenniskens & De Âsert (1994) . The aim of the present paper is to test the hypothesis of Tulej et al. by comparing the laboratory spectra of C 2 7 with those of reddened stars, acquired using echelle spectrometers which allow one to cover in a single exposure the whole wavelength range of C 2 7 transitions investigated in the laboratory. A similar comparison is to be done for other bare carbon anions C 2 6 Y C 2 8 and C 2 9 also investigated in the gas phase by Tulej et al. (1998) .
T H E O B S E RVAT I O N A L D ATA
The main data considered here are spectra acquired with the aid of the new coude Â echelle spectrometer (Musaev et al. 1999 ) fed by the 2-m telescope at the observatory on top of Terskol mountain in the Northern Caucasus. The spectrometer, working with a Wright Instruments CCD 1242 Â 1152 matrix (pixel size 22X5 Â 22X5 mm 2 camera, covers in a single exposure the range ,3500±10 100 A with a resolution R 45 000. We also used a similar spectrometer (Musaev 1993 (Musaev , 1996 attached to the 1-m telescope of the Russian Special Astrophysical Observatory (SAO).
Our reduction of the echelle spectra was carried using the dech code (Galazutdinov 1992) . This program allows flat-field division, bias/background subtraction, one-dimensional spectrum extraction from the two-dimensional images, correction for diffuse light, q 1999 RAS w E-mail: gala@sao.ru (GAG); jacek@astri.uni.torun.pl (JK); faig@sao.ru (FAM) spectrum addition, excision of cosmic ray features, etc. The dech code also allows location of a fiducial continuum, and measurements of the line equivalent widths, line positions and shifts, etc. The spectral range, covered in every exposure, contains strong and well-identified atomic interstellar lines: Ca ii, Ca i, Na i and K i. This allowed us to determine precisely the radial velocities of the intervening interstellar clouds at the time of any observation with high precision.
Some of the observations were made by one of us (JK) at the McDonald Observatory in Texas during 1993 using the Cassegrain echelle spectrograph fed by the 2.1-m telescope. A typical spectrum is divided into 26 orders covering the range from ,5600 to ,7000 A. The instrument described by McCarthy et al. (1993) consists of refractive collimator and camera optics, a 23.2 line mm 21 echelle grating with a blaze angle of 658, a prism crossdisperser and a Reticon 400 Â 1200 CCD with 27 Â 27 mm 2 pixels. This configuration gives an effective resolution R 64 000 and a spectral dispersion of 0.050 A Ê pixel 21 at 5790 A Ê . The methods of data reduction are described by Kreøowski & Sneden (1993) .
Other observations were performed with the aid of the 2.03-m Bernard Lyot Telescope of the Pic du Midi Observatory in 1995 July and in 1996 February. The instrument used was the echelle spectrograph MUSICOS, fed by an optical fibre. It allows coverage in two exposures of the whole visible range (3850± 8750 A Ê ). The cross-disperser expands the spectrum over the CCD chip (Tektronix 1024 Â 1024 elements), formed into 46 orders in the`blue' range (3850±5400 A Ê ) and into 44 orders in the`red' range (5100±8750 A Ê ). Each resolution element is dispersed on three pixels. To separate the orders and correct them for the blaze distortion we used the data reduction software developed for MUSICOS by T. Bo Èhm (Baudrand & Bo Èhm 1992) and J.-F. Donati (private communication). The wavelength calibration was provided by a thorium±argon lamp installed in the fibre setting. A tungsten lamp was also used to flat-field the spectra.
The chosen sample of targets is listed in Table 1 together with the basic parameters of these stars. The objects are chosen to ensure that they differ greatly in spectral type, luminosity class and rotational velocity. Spectral features observed in all of them and being of similar shape must be of interstellar origin. Moreover, possible stellar contamination in the regions of some of the postulated features is present only in certain objects and absent in others. The sample contains objects that are known as sources of very different interstellar spectra (DIB strength ratios). Some of them closely resemble the`sigma' type (HD 24912, HD 183143) postulated by , while others (HD 186745 or 210839) are close to the`zeta' type. Thus spectral features of different origin are likely to show different intensity ratios in different spectra.
R E S U LT S
The blue B±X system of transitions of the C 2 7 chain is compared with the observationally acquired spectra in Fig. 1 . The targets differ in spectral type from O7 to B7; moreover, HD 24912 is a very fast rotator. Several interstellar features are clearly seen to be of the same shape in every spectrum. On the other hand the postulated DIBs are clearly absent, except possibly two which also do not follow the predicted strength ratio.
It should be emphasized that the features belonging to the B±X system are expected to be stronger than those of the A±X system. The strongest feature of the system, found at 4928 A Ê in the laboratory spectra, is situated in the close vicinity of the He i stellar line and, in later spectral types, the S ii and O ii lines, but, unless it is shifted by ,5
A (Tulej et al. claim that the line position is known up to^2 A) towards the blue and its shape is indistiguishable from those of stellar features, despite the different rotational velocities of the observed targets, it must be considered as absent. Moreover, the stellar lines are so diffused by rotation in the spectrum of BD 1 40 4220 that they are practically invisible. The postulated interstellar feature remains invisible. This creates doubts as to whether the weaker features of the A±X system can be observable. The same comment applies to the second strongest feature: 4476 A Ê . It also seems absent despite the very high reddenings of HD 183143 and 186745 which should facilitate the discovery of very weak features.
Evidently no feature is observed close to the 4704-A Ê band, despite the fact that the heavily reddened spectra are featureless in this range. The postulated band near 4731 A Ê is close to the wellknown 4726 DIB, but the shift (5 A Ê ) is larger than the acceptable uncertainty of laboratory wavelengths given by Tulej et al. Moreover, the strength of this DIB is relatively high ± it is one of the features listed by Herbig (1975) and derived from photographic spectra. The 4928-A Ê feature, expected to be 50 per cent stronger than 4731 A Ê , should be observed easily if C 2 7 bands are observed anywhere. In our spectra it is, however, below the level of detection. We do not observ any interstellar features around the postulated band near 4795 A Ê . Nothing comparable to the known 4726 DIB was observed in this range at any time, which strongly contradicts the laboratory predictions.
Apparently the main reason to consider the C 2 7 molecule as a possible carrier of several DIBs was the coincidence of the strongest band of the C 2 7 A±X system with the well-known DIB at 6270 A Ê . As shown in Fig. 2 , this diffuse band is clearly seen in every observed target. Also a weak observed DIB is seen close to the postulated 6064-A Ê feature. However, as shown in Table 2 , their intensity ratio varies from^3 to^10 in HD 210839 and 186745 respectively. The quality of the spectra does not allow us to change these figures substantially. The third possible feature, near 5748 A Ê , is not detectable in any of the spectra. Most probably it was misidentified by Jenniskens & De Âsert (1994) with the blend of weak stellar lines in the spectrum of HD 183143 as shown in Fig. 3 .
The next feature of the A±X system should be situated close to 5613 A Ê and be rather strong, about one third of the strength of 6270. The exact laboratory position of the C 2 7 feature is slightly apart from the observed 5609 DIB. Moreover, the ratio of 6270/ 5609 is apparently variable (see Fig. 4!) . Surprisingly, the last feature of this system, near 4963 A Ê , can be related to the existing q 1999 RAS, MNRAS 310, 1017±1022 DIBs, despite being much stronger in relation to the 6270 DIB than the laboratory bands of C 2 7 . Only three out of nine features of the A±X system of the C 2 7 molecule coincide with observed DIBs (see Table 2 ). Sometimes the postulated features are blended with stellar lines and thus not available for measurement. These are marked with asterisks in Table 2 (for blends of three observed features are strongly variable, which raises serious doubts concerning their common origin. In any case they do not follow the intensity ratios determined by means of matrix isolation spectroscopy. Tulej et al. (1998) also published the gas-phase spectra of other carbon chain anions: C 2 6 Y C 2 8 and C 2 9 . We attempted to detect these features in the spectra of our targets. The results are given in Table 3 . It can be seen that they are all negative. None of the above q 1999 RAS, MNRAS 310, 1017±1022 anions can be considered as having been identified in the interstellar medium. We do not present the respective spectral ranges in our plots as they would be very monotonous, presenting mostly a lack of all postulated features.
D I S C U S S I O N
The identification of DIBs has puzzled generations of astronomers. This is partly due to the lack of high-resolution, high signal-to-noise ratio spectra, covering broad ranges of wavelength. The well-known, strong DIBs are, most probably, each the strongest features of a complicated molecule. The wealth of interstellar features and their variable intensity ratios support the hypothesis of a molecular origin for diffuse interstellar bands. However, any definite identification clearly requires the fulfilment of a number of necessary conditions.
(i) The laboratory spectra of candidate molecules must be acquired both in matrix isolation and in the gas phase; the first condition is necessary to establish intensity ratios of the features of any molecule under investigation; the second to determine their wavelengths with high precision.
(ii) Echelle spectra of high signal-to-noise ratio are needed, containing some identified interstellar lines (Na i, K i, Ca ii, Ca i, CN, CH, CH 1 ), to measure the rest wavelengths of the unidentified interstellar features.
(iii) Some unreddened rapid rotators need to be observed to allow the elimination of telluric lines from the stellar spectra.
(iv) One must have available spectra of several reddened stars of different spectral types (to be able to investigate stellar contaminations), different rotational velocities (the profiles of interstellar features must not depend on stellar rotation) and different strength ratios of strong DIBs. The latter is necessary to check whether the strength ratios of the investigated interstellar features are constant in all environments (and similar to those determined in the laboratory), or variable.
(v) It is worth trying to observe spectroscopic binaries for an additional check on the interstellar origin of features.
(vi) It is important to have a relatively big sample to be able to check whether spurious features are correlated with known interstellar lines or bands.
(vii) Stellar lines in the observed stars should be identified using theoretically constructed spectra.
The arguments presented above prove that the bare carbon chain anions do not cause any of the detectable DIBs. Apparently their abundances are not high enough to cause observable spectral features. This conclusion does not exclude the presence of bare carbon chains in diffuse and translucent interstellar clouds, but puts strong limits on their abundances.
As demonstrated by Forney et al. (1997) , the strongest features of the C 2 7 B±X system are quite broad in comparison with those from the A±X system. This is why the latter are more likely to be found observationally. However, the former are of 20±30 per cent higher intensity, and thus we should be able to observe at least some traces of them if the 6270 DIB really originates in C features of the A±X branch (in mA Ê ). The first row indicates relative laboratory intensities. 
